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Abstract
This paper presents the influence of heating on the content of saturated and unsaturated fatty acids and tocopherols of extra virgin
and refined olive oil as well as some parameters describing the oxidative states of these oils. The results show that heat treatment
causes a decrease in the nutritional quality of the two types of olive oil. The content of unsaturated fatty acids decreased significantly
(p  < 0.05) from 87.4% to 84.5% for refined olive oil, while no change was found for extra virgin olive oil. The content of saturated
fatty acid did not change substantially for either type of oil. The heat treatment also caused a decrease in the tocopherol content that
was more evident for the refined olive oil. This heat treatment results in an increase in free fatty acids that was more pronounced
for refined olive oil. A similar result was found for the peroxide value.
© 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1.  Introduction
Olive oil is one of the oldest known plant oils. It has
an outstanding position because of its pleasant taste and
smell and its high nutritional value. This oil, one impor-
tant component of the Mediterranean diet, is related to∗ Corresponding authors. Tel.: +212 668799942.
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protection against cardiovascular diseases and cancer
due to its fatty acid profile and the presence of minor
amounts of phenolic constituents [1–3]. A large increase
in the demand for high-quality extra virgin olive oil
during recent years can be attributed not only to its poten-
tial health benefits but also to its particular organoleptic
properties. The aim to improve the quality standard for
extra virgin olive oil is continuously stimulating the
search for new technologies.
What makes olive oil distinct from other oils withbehalf of Taibah University. This is an open access article under the
high contents of monounsaturated fatty acids, such as
high oleic sunflower oil, is the presence of phenolic com-
pounds with strong antioxidant properties [4]. In addition
to their beneficial health effects [5], phenolic compounds
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ive olive oils their unique taste and they represent an
mportant contribution to the oxidative stability of olive
il [6]. The oxidative stability of extra virgin olive oils
orrelates mainly with the concentration of hydrophilic
henolic compounds.
Another important minor component of extra virgin
live oil is -tocopherol, which protects the oil from
xidation at elevated temperatures [7,8].
During storage and heat treatment, fat is subjected to
ydrolysis, oxidation and polymerization that result in
 deterioration of quality with respect to both its sen-
ory quality and its nutritive value [9,10]. Although the
echanism of the oxidation processes is the same for dif-
erent fats and oils, the reaction rates vary for different
ypes of fats and oils [11]. Free fatty acids (FFA), which
ppear as a result of hydrolysis, can further undergo oxi-
ation reactions. In the presence of oxygen, peroxides
nd hydroperoxides are formed [12,13]. These primary
roducts are rapidly decomposed to form a variety of sec-
ndary products, such as aldehydes, ketones, alcohols,
ydrocarbons and polymers, among others [14,15]. The
ldehydes and other secondary products of lipid oxida-
ion are well absorbed and may show toxic effects on
he liver, kidneys and spleen. Aldehydes can cause very
ast oxidation of the cell lipids resulting in cell destruc-
ion [16]. The changes in lipids influence their nutritive
alue. Polyunsaturated fatty acids are degraded, toxic
ompounds may appear, and as a result, the absorption
f some other food constituents may be limited [17].
The objective of the present study was to investigate
he changes in the chemical composition and oxidative
tability of refined and extra virgin Moroccan Picholine
live oil during heat treatment.
.  Material  and  methods
.1.  Samples
The refined and extra virgin Moroccan Picholine olive
il were obtained from Professional Lab (Casablanca,
orocco).
.2.  Chemicals  and  materials
The reagents used were either of analytical or
PLC grade. Isooctane, isopropanol, cyclohexane,
nd n-hexane were purchased from Professional Lab
Casablanca, Morocco)..3.  Thermal  treatment
The heat treatment of oil samples was conducted
n a Rancimat 743 apparatus (Metrohm, Herisau,sity for Science 10 (2016) 100–106 101
Switzerland). The samples were passed through anhy-
drous sodium sulphate before the experiment to remove
moisture. Two vessels were filled with 10 g of oil and
the same operating conditions were set as for the deter-
mination of the oxidation stability (100 ◦C, flow of air
10 L/h). After 120 h, when the conduction curve of the
most stable sample started to increase rapidly, the experi-
ment was stopped. The samples were transferred to glass
vials under a nitrogen atmosphere and kept in the dark at
8 ◦C prior to their analysis. The analyses were performed
on the oils before heating and after heating.
2.4.  Fatty  acid  composition
The oils were esterified according to the AOCS
standard method Ce 2-66 [18]. In brief, oil (0.60 g) was
weighed into a 5-mL screw top test tube and dissolved
in 4 mL of isooctane. In all, 0.20 mL of 2 N methano-
lic KOH solution was added, the tubes were tightened
with a screw cap provided with a PTFE joint, and then
the tubes were shaken vigorously. The upper layer was
separated, and the methyl esters were extracted with
n-hexane. An aliquot (1 L) was injected into a gas chro-
matograph (Varian CP-3800, Varian Inc., Walnut Creek,
CA, USA) equipped with an FID. The column used was
a CP-Wax 52CB column (30 m ×  0.25 mm i.d.; Varian
Inc., Middelburg, The Netherlands). The carrier gas was
helium, and the total gas flow rate was 1 mL/min. The
initial column temperature was 170 ◦C, the final tem-
perature 230 ◦C, and the temperature was increased at a
rate of 4 ◦C/min. The injector and detector temperatures
were both 230 ◦C. The data were processed using Varian
Star Workstation v 6.30 (Varian Inc., Walnut Creek, CA,
USA).
2.4.1. Sterols  composition
The sterol composition was determined using a Varian
3800 instrument (Varian Inc., Walnut Creek, CA, USA)
equipped with a VF-1ms column (30 m × 0.25 mm i.d.)
and using helium (flow rate 1.6 mL/min) as the carrier
gas. The column temperature was isothermal at 270 ◦C
and the injector and detector temperatures were both
300 ◦C. The injected quantity was 1 L for each analysis.
The data were processed using Varian Star Workstation
v 6.30 (Varian Inc., Walnut Creek, CA, USA).
2.4.2. Tocopherols  analysis
For the analysis of tocopherols, a solution of250 mg of oil dissolved in 25 mL of n-heptane was
prepared. Then, 20 L was injected into an HPLC
system consisting of a Shimadzu CR8A instrument
(Champ sur Marne, France) equipped with a C18-Varian
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Table 1
Physicochemical parameters of virgin and refined olive oils before and after thermal treatment at 100 ◦C for 120 h with an air flow air of 10 L/h.
Oil parameters Extra virgin olive oil (VOO) Refined olive oil (ROO)
Before After Before After
Free fatty acids (%) 0.64 ± 0.05 0.82 ± 0.05a 0.07 ± 0.01 1.24 ± 0.02b
Peroxide value (meq O2/kg) 2.30 ± 0.5 32.43 ± 2.5a 0.60 ± 0.2 375.10 ± 5.5b
E232-value 1.57 ± 0.01 2.59 ± 0.01a 1.78 ± 0.01 2.79 ± 0.01b
E270-value 0.13 ± 0.01 0.33 ± 0.01 0.55 ± 0.01 1.99 ± 0.01
Saponification value (mg/g) 188.4 ± 0.5 190.6 ± 0.5 189.2 ± 0.5 205.0 ± 0.50b
86.8 b
ferent fIodine value (g/100 g) 87.9 ± 0.5 
Values are least square means ± DS, n = 3. Values are significantly dif
column (25 cm ×  4 mm; Varian Inc., Middelburg, The
Netherlands). Detection was performed using a fluores-
cence detector (excitation wavelength 290 nm, detection
wavelength 330 nm). A mixture consisting of 99:1 isooc-
tane/isopropanol (V/V) was used as the eluent with a flow
rate of 1.2 mL/min.
2.4.3.  Determination  of  physical  and  chemical
parameters
The content of free fatty acids, the peroxide value
(PV), extinction coefficients (K232-value and K270-
value), and the iodine value were determined according
to AOCS-recommended practices Cd 1c-85, Cd 3a-94,
Cc7-25, Ca 6a-40 and Ca 5a-40, respectively [19]. The
content of free fatty acids was calculated as the amount
of oleic acid equivalent and expressed as a percent-
age. The PV was expressed as milliequivalents of active
oxygen per kilogram of oil (meq O2/kg oil), and extinc-
tion coefficients (K232-value and K270-value) were
expressed as the specific extinctions of a 1% (w/v) solu-
tion of oil in cyclohexane in 1 cm cuvettes using a CARY
100 Varian UV spectrometer (Varian Inc., Walnut Creek,
CA, USA).
2.4.4.  Oxidative  stability
The oxidative stability of each sample was determined
as the induction period (IP, h) recorded by a 743 Ranci-
mat (Metrohm, Switzerland) apparatus using 3 g of oil
sample. Samples placed into Rancimat standard tubes
were subjected to the normal operation of the test by
heating at 110 ◦C with an air flow of 20 L/h.
2.5.  Statistical  analysis
The results were expressed as the mean ±  standard
deviation (SD) of three measurements for the analyti-
cal determination. Significant differences between the
values of all parameters were determined at p  < 0.05
according to Tukey’s test. ± 0.5 88.8 ± 0.5 73.5 ± 0.5
rom each other (p < 0.05) are represented with the letters (a, b).
3.  Results  and  discussion
3.1.  The  effect  of  heat  treatment  on  the  content  of
free fatty  acids
The content of free fatty acids (calculated as %
oleic acid) of refined olive oil (ROO) was lower than
that of extra virgin olive oil (VOO) before heating.
This is due to the refining process that removes almost
all free fatty acids by neutralization and deodoriza-
tion [20]. For both oils, the contents were below the
limit defined in the standard of the International Olive
Council (COI) [21] for free fatty acids in edible extra
virgin and refined olive oil (0.8% and 0.3%, respec-
tively). After heating the oil samples, the content of
free fatty acids increased from 0.64% to 0.82% for
VOO and from 0.07% to 1.24% for ROO, respectively
(Table 1). This increase in the free fatty acid content
during heat treatment was considerably lower for the
VOO in comparison to the ROO. The free fatty acids
are formed during heating of fats and oils by hydrolysis
of triacylglycerols and by the formation of secondary
oxidation products, namely, volatile carboxylic acids,
such as formic or acetic acid [14]. One reason for
the better stability of the extra virgin olive oil against
hydrolysis during heat-treatment may be the higher con-
tent of active antioxidant compounds not removed by
refining.
3.2.  The  effect  of  heat  treatment  on  the  peroxide
value
Oxidation and the formation of peroxides occur dur-
ing oil extraction and processing and can continue after
bottling and during storage. Peroxides are the inter-
mediate oxidation products of oil which lead to the
formation of a complex mixture of volatile compounds
such as aldehydes, ketones, hydrocarbons, alcohols and
esters responsible for the deterioration of organoleptic
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roperties [9]. Therefore, their formation dramatically
mpacts the shelf life and consumer acceptance of the oil.
igh temperature and light are two well-known factors
hat generally promote peroxide formation and degrada-
ion [14].
The most evident difference between the two oils
fter heating was the increase in the peroxide value.
efore heating PVs of 2.3 meq O2/kg and 0.6 meq O2/kg
ere found for VOO and ROO, respectively. In contrast,
fter heating the PVs of VOO and ROO increased to
2.4 meq O2/kg and 375.1 meq O2/kg, respectively. In a
imilar study, Nissiotis and Tasioula-Margari [22] heated
hree samples of extra virgin olive oil for 100 h at 100 ◦C
n an oven. During heating the PVs increased from values
etween 6.0 meq O2/kg and 14.8 meq O2/kg to values
etween 71.3 meq O2/kg 105.9 meq O2/kg. These results
onfirmed the findings of the present investigation even
f the increase of PV of VOO was much lower than in
he work of Nissiotis and Tasioula-Margari. The antiox-
dants in oil react with free radicals, and the peroxide
alue is expected to increase only when insufficient
ntioxidants are left to compensate for the formation
f free radicals. Conversely, the formation of peroxides
s a chain reaction that occurs so rapidly that perox-
de formation and radical scavenging start, apparently,
imultaneously [14,15,23].
.3.  Effect  of  heat  treatment  on  the  UV  absorption
t 232  nm  and  270  nm
The K values measured at 232 nm and 270 nm are
ssociated with changes in the content of conjugated
ienes and trienes that are formed due to the oxidation
f polyunsaturated fatty acids [24,25]. The changes in K
alues at 232 nm and 270 nm during the heating of VOO
nd ROO are shown in Table 1. For VOO and ROO, both
alues increased with heating. The initial values of E232
nd E270 were lower in VOO than in ROO, although
he difference between both oils was small for the E232
alues and remarkable higher for E270 values. One rea-
on for the higher difference of the E270 values between
OO and ROO is that the content of trienes and tetraenes
ncreases during bleaching and deodorization [26]. Dur-
ng heating the increase in the E232 values was similar
or both types of oil with approximately 1.0 E232 unit
ndicating that the formation and degradation of peroxi-
es during oxidation of both oils was very similar. The
igher the percentage of polyunsaturated acids in the oil
s, the higher are the levels of conjugated dienes and
rienes formed during heating. This was the reason why
he VOO and ROO, which contained relatively high per-
entages of polyunsaturated acids (linoleic acid), havesity for Science 10 (2016) 100–106 103
accumulated more conjugated dienes and trienes [27].
The behaviour of the E270 values was different for both
oils. The initial E270 value was lower for the VOO, and
the increase in the E270 value for VOO was significantly
(p < 0.05) lower (from 0.13 to 0.33) than that for the ROO
(from 0.55 to 1.99).
Changes in the ultraviolet spectrum have been used as
a relative measure of oxidation [28]. Farmer and Sutton
[29] showed that the increase of absorption at 232 nm
and 270 nm due to the formation of conjugated dienes
and trienes is proportional to the uptake of oxygen and
the formation of peroxides during the early stages of
oxidation.
3.4.  The  effect  of  heat  treatment  on  the  iodine  value
The iodine value is a measure of the content of unsatu-
rated fatty acids present in the oil. A lower value indicates
a lower degree of unsaturation. No significant difference
(p < 0.05) in the iodine value was found between the two
types of olive oil. This showed that the processing condi-
tions did not change the degree of unsaturation of the oils.
The iodine values of the unheated and heated VOO were
87.9 and 86.8 g iodine/100 g fat, indicating no significant
(p < 0.05) influence of the heat-treatment on the con-
tent of unsaturated fatty acids in VOO. Conversely, the
iodine value of ROO decreased significantly (p  < 0.05)
from 88.8 g iodine/100 g fat to 73.5 g iodine/100 g fat
(Table 1). That indicates that the double bonds in VOO
were more protected against autoxidation during heating
than in ROO, probably due to the higher content of active
antioxidant compounds in the VOO.
3.5.  The  effect  of  heat  treatment  on  the  fatty  acids
composition
The fatty acid (FA) composition is an essential indi-
cator of the nutritional value of the oil [28,30]. The fatty
acid composition of olive oil before and after thermal
treatment is given in Table 2.
There is only a slight difference between the fatty acid
compositions of the fresh samples of the two types of oil.
The changes in the fatty acid composition of ROO and
VOO are presented in Figs. 1 and 2. The percentages of
fatty acids below the dashed line decreased during heat-
ing, and the percentages of fatty acids above the dashed
line increased during heating. The larger the distance of
the data point from the dashed line is, the greater is the
change in the content of fatty acids [31]. The changes
in the fatty acid composition provide insight into the
kinetics of the fatty acid oxidation reactions. It is evi-
dent from Fig. 2 that reduction of the content of linoleic
104 S. Gharby et al. / Journal of Taibah University for Science 10 (2016) 100–106
Table 2
Fatty acid composition (given as % of total fatty acids) of virgin and refined olive oils before and after thermal treatment at 100 ◦C for 120 h with
an air flow of 10 L/h.
Fatty acid composition (%) Extra virgin olive oil Refined olive oil
Before After Before After
Palmitic acid (C16:0) 10.6 ± 0.1 10.9 ± 0.1 9.1 ± 0.1 11.7 ± 0.1b
Palmitoleic acid (C16:1) 0.2 ± 0.1 0.6 ± 0.1a 0.5 ± 0.1 0.6 ± 0.1
Heptadecanoic acid (C17:0) 0.1 ± 0.0 0.1 ± 0.1 0 ± 0.0 0.1 ± 0.1
Heptadecenoic acid (C17:1) 0.1 ± 0.1 0.1 ± 0.1 0.1 ± 0.1 0.1 ± 0.1
Stearic acid (C18:0) 2.3 ± 0.1 2.4 ± 0.1 2.5 ± 0.1 2.9 ± 0.1
Oleic acid (C18:1) 73.8 ± 0.1 73.5 ± 0.1 73.5 ± 0.1 77.5 ± 0.1
Linoleic acid (C18:2) 11.0 ± 0.1 10.8 ± 0.1 12.8 ± 0.1 5.7 ± 0.1b
Linolenic acid (C18:3) 0.9 ± 0.1 0.8 ± 0.1 0.8 ± 0.1 0.2 ± 0.1b
Arachidic acid (C20:0) 0.2 ± 0.1 0.3 ± 0.1 0.3 ± 0.1 0.3 ± 0.1
Gadolic acid (C20:1) 0.3 ± 0.1 0.3 ± 0.1 0.3 ± 0.1 0.3 ± 0.1
Total saturated fatty acids 13.2 ± 0.1 13.8 ± 0.1 12.1 ± 0.1 15.1 ± 0.1b
Total unsaturated fatty acids 86.3 ± 0.1 86.1 ± 0.1 87.4 ± 0.1 84.4 ± 0.1b
Ratio unsaturated/saturated fatty acids 6.5 ± 0.1 
Values are least square means ± DS, n = 3. Values are significantly different f
Fig. 1. The relationship between the content of individual fatty acids
of extra virgin olive oil before and after thermal treatment (FAb – % of
fatty acid before thermal treatment; FAa – % of fatty acid after 120 h
at 100 ◦C with a flow of air of 10 L/h).
Fig. 2. The relationship between the content of individual fatty acids
applications in dietary, pharmaceutical, or biomedicalof refined olive oils before and after thermal treatment (FAb – % of
fatty acid before thermal treatment; FAa – % of fatty acid after 120 h
at 100 ◦C with a flow of air of 10 L/h).
and linolenic acid was highest in comparison to the other
fatty acids. The investigation shows only a slight effect of
heating on the fatty acid composition of VOO; the differ-
ences between the fatty acid composition before and after
heating were not significant (p  < 0.05). For the ROO, the6.2 ± 0.1 7.2 ± 0.1 5.5 ± 0.1b
rom each other (p < 0.05) are represented with the letters (a, b).
experiment shows significant changes in the fatty acid
composition, especially for the unsaturated fatty acids
which decreased from 87.4% to 84.4%. These obser-
vations are in agreement with a 1H nuclear magnetic
resonance study, which confirmed the fact that the fatty
acid degradation rate increases with the number of dou-
ble bonds in the molecule [32]. The results also confirm
the findings for the iodine value. The VOO clearly has
a higher content of active antioxidant compounds which
protect the unsaturated fatty acids against deterioration
during heating.
By comparison of the slope values calculated from the
graphs presented in Figs. 1 and 2, the highest degradation
rate was found for the ROO, probably due to its lower
content of natural antioxidants in comparison to VOO.
Here also the tocopherols should be mentioned. These
may be responsible for the lower degradation rate found
for VOO due to their ability to act as effective antioxidant
compounds [33].
3.6.  The  effect  of  heat  treatment  on  the  tocopherols
composition
The content and the composition of the tocopherols
are further important criteria for the assessment of the
quality of oil and are presented in Table 3. The toco-
pherols are important components of the unsaponifiable
fraction in vegetable oils. They can be interesting forproducts [34]. It is obvious that -tocopherol is the
major tocopherol in both types of olive oil. This com-
pound constitutes 91% (VOO) and 82% (ROO) of the
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Table 3
The tocopherol composition (given as % of total tocopherols) of virgin and refined olive oils before and after heat treatment for 120 h at 100 ◦C with
a flow of air of 10 L/h.
Composition of tocopherols Virgin olive oil Refined olive oil
Before After Before After
Alpha-tocopherol (%) 91.3 ± 0.5 n.d. 82.3 ± 0.5 n.d.
Beta-tocopherol (%) 4.7 ± 0.5 n.d. 5.6 ± 0.5 n.d.
Gamma-tocopherol (%) 1 ± 0.5 n.d. 1 ± 0.5 n.d.
Delta-tocopherol (%) 3.1 ± 0.5 n.d. 10.8 ± 0.5 n.d.
Total amount of tocopherols (mg/kg) 210.5 ± 10.5 n.d. 189.7 ± 8.5 n.d.
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otal amount of tocopherols (210.5 mg/kg for VOO
nd 189.7 mg/kg for ROO), respectively. Other authors
ound -tocopherol contents of olive oil in the range of
50 mg/kg and 600 mg/kg [6,8,13,35,36].
The stability of the oils against oxidation depends
ot only on the degree of unsaturation but also on the
mount of antioxidants present in the unsaponifiable
raction [3,14]. Tabee et al. [37] found different results
or the stability of oils with similar MUFA contents dur-
ng heating depending on the amounts of -tocopherol
nd phytosterols present in the oils.
In the present work, the content of -tocopherol was
ignificant higher (p  < 0.05) in the VOO than in the
OO, which is in agreement with previous research
38]. An explanation for these differences in the con-
ent of tocopherols is the different processing of VOO
nd ROO. While VOO is extracted by pressing or cen-
rifugation and purification only, ROO is obtained by
xtraction of the fruits with a following refining process,
hich includes degumming, neutralization, bleaching
nd deodorization. During this process, part of the toco-
herols and micronutrients is removed. This removal
ubstantially reduces the nutritional value of ROO [39].
After heating, the -tocopherol was depleted in
ll samples such that the contents were then below
he limit of quantification (2 mg/kg). Nissiotis and
asioula-Margari [22] also reported that -tocopherol
as completely depleted during 100 h of heating at
00 ◦C, even when the oxidation was not accelerated by
ubbling air through the sample. All of the tocopherol
ompounds present in the VOO and ROO before heating
ave disappeared after the heating process.
From the results showing the oxidative state of the
ils after heating (Table 1), it can be assumed that the
igher content of tocopherols in the VOO in comparison
o the ROO contributes to the higher oxidative stability
f VOO. In addition to the tocopherols, olive oil is rich
n phenolic compounds, which also may have a strong
ntioxidant activity.4.  Conclusion
The heating process affects the quality of both VOO
and ROO. Looking at the oxidative state of the oils after
heating, ROO is affected more with respect to the forma-
tion of free fatty acids, dienes and trienes. The peroxide
value was notable because in ROO, it increased 10 times
the increase in PV of VOO. During heating the content
of unsaturated fatty acids decreased to a greater extent
in ROO than in VOO. This result was in good agree-
ment with the corresponding iodine value. The results
show a higher oxidative stability of VOO in contrast to
that of ROO during heating. The higher content of active
antioxidant compounds such as tocopherols in VOO may
protect the oil against oxidative deterioration. Future
work must be conducted on the determination of the time
duration and intensity of the heating process that would
produce a lesser effect on the quality of the olive oil.
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